Lowest energy spectrum of the 12 C nucleus is analyzed in the 3α cluster model with a deep αα potential of Buck, Friedrich and Wheatley with Pauli forbidden states in the S and D waves. The direct orthogonalization method is applied for the elimination of the 3α Pauli forbidden states. The effects of the first order quantum phase transition are shown in the lowest 12 C(0 + 1 ) and 12 C(2 + 1 ) states from "gas-like" phase to a deep "liquid" phase. It is found that the absolute value of the "liquid" phase energy in the 12 C(2 + 1 ) state is very close to the mass of the hypothetical X17 boson. The energy defect of about 17 MeV in the experiments with the 8 Be [1] and 4 He [2] nuclei could be explained as a background effect due to the quantum phase transition in the 12 C nucleus.
the problem still remains unsolved. Moreover, the same Atomki group recently reported on new evidence supporting the existence of the hypothetical X17 particle as a result of the analysis of magnetic M0 transition in the 4 He nucleus [2] . At the same time, some nuclear background processes still can contribute to the anomaly. One important point here could be based on the observation that the both processes producing the anomaly proceed through α-like nuclei, 4 He and 8 Be. Based on the fact that the processes of excitation of the 4 He and 8 Be nuclei can yield multiple α particles during the short nuclear interaction time in a small space volume, the above pair creation anomaly might possibly be connected with structural properties of α-like nuclei 8 Be, 12 C or 16 O, contributing to nuclear background processes.
In this respect the second discovery from 2016 which is related to quantum phase transition (QPT) in the 12 C ground state would be useful. The effect was found within the frame of ab initio method [12] based on the chiral effective field theory potentials. The importance of the finding is connected with a role of the carbon element in the Universe, thus allowing to conclude about "the life near a quantum phase transition" [12] . The ab initio method of Ref. [12] is of course a powerful tool for studying hyperfine effects from first principles of the quantum chromodynamics (QCD). In this sense the method has more predictive power than other approaches (see recent review [13] and references therein).
The discovery of the QPT in 12 C inspired new research interest on the structure of this important quantum object. Very important question is, whether it is possible to observe an affect of the QPT within the framework of a 3α cluster model for practical applications.
Another interesting property of this nucleus is its special structure, associated with the Bose-Einstein condensation [14] . Although the 3α cluster model for the structure of the lowest 12 C states seems very natural due to strong binding of nucleons inside the α clusters, there are serious problems, associated with the removal of Pauli forbidden states (FS).
Repulsive αα-potentials, both l-dependent and l-independent, strongly underestimate the bound states of the 12 C nucleus [15] . An alternative deep αα-interaction potential of Buck-Friedrich-Wheatley (BFW) [16] has a simple Gaussian form continuum [19, 20] , and the astrophysical capture reaction α + d → 6 Li +γ [21] [22] [23] . However, the 3α quantum system is strongly different from the α + N + N, which contains a single α particle. Here αα Pauli forbidden states play a decisive role in the description of dynamics of the 3α system. Indeed, within the OPP method it was found [24] that the energy spectrum of the ground 0 + 1 and first excited 2 + 1 states is highly sensitive to the description of the αα-Pauli forbidden states. From the results of the calculations it was not possible to understand how to fix the energies of the ground and excited levels, since a convergence in respect to the projecting constant λ was not clear. When passing values λ = 10 3 − 10 4 MeV the energies of the ground 0 + 1 and first excited 2 + 1 states increase sharply, which was not usual.
The aim of present study is to examine the effect of QPT within the 3α cluster model with a deep αα potential of BFW. Based on the results of the ab initio method [12] , it would be interesting to reanalysis the results of the 3α model. Below we use more transparent direct orthogonalization method [17] which is based on the separation of the complete Hilbert functional space into two parts. The first subspace L Q , which we call allowed subspace, is defined by the kernel of the complete three-body projector. The rest subspace L P contains forbidden by the Pauli principle 3α states. After the separation of the complete Hilbert functional space of 3α states into the L Q (allowed) and L P (forbidden) subspaces, at next step we solve the three-body Schrödinger equation in L Q .
In order to separate the complete functional space we calculate eigen states and corresponding eigen values of the projecting operator [17] 
on the partial f wave forbidden states (1S, 2S, and 1D) in the i-th αα subsystem:
Numerical variational calculations have been performed by using the symmetrized Gaussian basis [24] differently from Ref. [17] where the Faddeev equation method was employed.
First we calculate the 12 C(0 + ) spectrum. The three body channels (λ, ℓ) = (0, 0), (2, 2), (4, 4) contain up to 280 Gaussian functions. Convergence is fast due to the use of symmetrized basis functions. We reproduced the spectrum of the operatorP in the 3α functional space with J π = 0 + , firstly calculated in Ref. [17] . It belongs to the interval from 0 to 3. As was noted above the allowed subspace L Q is defined by the eigen states of the operatorP , corresponding to its zero eigen value: L Q = kern(P ). However, in the 3α system this procedure is not easy due to a high sensitivity to αα forbidden states. As in mentioned work, there are two eigen states of the operatorP among other eigen states, which play a decisive role for the structure of the 12 C(0 + ) lowest states. The first special eigen state Φ 1 corresponds to a small eigen value ǫ 1 =1.35333×10 −5 :P Φ 1 = ǫ 1 Φ 1 . The second eigen state Φ 2 of the operator P with corresponding eigen value ǫ 2 =1.07152×10 −3 is especially important for the structure of the 12 C nucleus. Both eigen values are close to, but not exactly zero, nevertheless they strongly influence on the structure of the carbon nucleus. This makes the corresponding eigen states of the operatorP very special and in above work [17] they are called "almost forbidden states" (AFS). In Fig.1 we display the calculated 0 + spectrum of the lowest 12 MeV. The situation is very close to the finding of Ref. [12] stating about the "nature near a quantum phase transition". Beyond the critical point Φ 2 the energy of the Hoyle state Ψ 2 increases to E = −0.458 MeV, which is, however, lower than the experimental energy value E exp (0 + 2 )=0.380 MeV. Also it can be found that in the left side of the critical point Φ 2 in Fig. 1 the ground and Hoyle states coexist in the preliminary "gas-like" phase Ψ 0 . The overlap of Ψ 0 with the Hoyle state Ψ 2 is 0.992, while its overlap with the ground state Ψ 1 is 0.109. This means that the ground state is mostly created by the critical Φ 2 eigen state of the operatorP from the continuum. The theoretical energy of -19.897 MeV is significantly lower than the experimental value E exp =-7.274 MeV [25] , which indicates that the ground state can be in the phase Ψ 2 with a probability, smaller than 1. Now we go to the 12 C(2 + ) spectrum. In this case the 2 + functional space of the 3α system is built in the three-body channels (λ, ℓ) = (0, 2), (2, 0), (2, 2) . Numerical calculations have Fig. 2 the lowest 2 + 1 and Hoyle analog 2 + 2 states coexist in the preliminary "gas-like" phase Ψ 0 (2 + ). The overlap of Ψ 0 (2 + ) with the Hoyle analog state Ψ 2 (2+) is 0.876, while its overlap with the lowest 2 + 1 state Ψ 1 (2 + ) is -0.334. The two 2 + levels in Fig. 2 with energies E 3 and E 4 are not affected by the projecting procedures, hence belong to the 3α continuum spectrum. In summary, a possibility of the quantum phase transition in the 12 C nucleus have been examined in the 3α model. It was shown that there are effects of QPT in the lowest 12 C(0 + 1 ) and 12 C(2 + 1 ) states from the "gas-like" phase to a deep "liquid" phase. It turns out that the absolute value of the "liquid" phase energy in the 12 C(2 + 1 ) state is very close to the mass of the hypothetical X17 boson. This fact hints on the idea that the mass defect of about 17
MeV in the experiments with 8 Be [1] and 4 He [2] nuclei could be explained as a background
